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* ' SUMISLE

In the present work, cost-optimal age-based replzceaent
model has been studicd because of its Llmnortance in the
application of preventive maintenance, The model has heen
solved by a computer package written in FORTRAN language,
Optimal replacement aces have been determined for a wide
ranye of cost ratios (i,.e. ratioc of failure replacemsnt
cest to aoreventive replacoement cost) from 1.1 to 100 and
for a wide range of shape parameters ( B values) from 1.7
Lo 5.0. Total cost of optimzl replacement policy in mueltiples
of feiluze reoplacement cost l,as alsa been determined for
gacn value o7 cost ratio and § ., Results have been FTrE=SeEncnd
in botn tabuiar and granhical forms., Two sets of graphs have
agen produced, in the Semi-log ploteing; one for ocatimai age
deternination and the other for cevcrminction aof associsted
repgleczment cosi, 1ln thez earlier set nf curves, the so-called
Z-curvues are plotted; wrhere E.indicatuﬁ th= cleosenes:s of
imal age to thg cheracteristic live., & comperiscn of the
present scolutian with that of ilasser has alse been made.
Following Glasser, W2ibrll failure odist-isvticm has boen

LONLICEred to exazess fajluore statistic kecause al thio
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MGTATIORS

the cost of Tailure replacement i.2. cost of

replscement after failure

thoe cost of preventive replacement i.e. cost of
feplazumcﬂt dpiaore failure

the votal expocied cost per upnift time, Tor
Jreventive replacement at time tIj

the prohability density function (p.d.f) of

the Tailuvre times of the equipment

the cost ratio (EfprJ i,g ratic of failure

reanlscement cost To preventive repl&acement cost

the mean time to failure when preventive reolacementi

peours gt time tﬂ (or length oV the failure cycle
at time t_)

p
the'hazard rate {or, instantaneocus failure rate
or, force of mortaltity) at time tP
the reliability af Lhe Equiumentmin prevantive
reclacement Ltime t
failure times
Lhe areventiva replaczment timc or, planned
replacemens ace or, speciriea age
uptimel replscament age
racvio of mean lite wo stancard deviation unils,
wnich is the awveraoge szrvice life oF the camaonent

in stapndard deviation units



shape parameter

sCdle parsmeter
location parameter
standardized cost ratia
mean faiiure tima
standard deviafion unit

evaluation of Gamma fupction
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LHADTEA-1

Ie) TRULUCT TN

i.1 Introduction to Replacement Problems:

MFreventive malntenance 15 an important part of
maintenance managesent. It deals with efricient vtilization
0f eguipment with soms risk of failure, Prevencive mainte-
nance refers to the planned replacement of pieces of eyuip-
ment or parts that may fall in operation unless replacement
15 mude in time. Any type of eguipment may break down during
the operation due to mechenical failure ar any obther cause,
#part from Lreak downs, eguiprenis or machines tend to wear
3r vetericrate with the increase in time and uwse. This
ctondition may cecrease the ef{iciency and lower the gpuality
ot the product. ln the pother nand it hes two Lopeortant

imalications.,

1) The incressing cost of the maintenance necessary

to abtain continuing relisbility of toneg ecuipment,.
Z) Thz absoclesgence of the zquipment.

Feplacement croolems ore a particulacs class of awsEin-
tenance j.rablaswms, which in general, include insoection,
ovwerbtaul and repair, organizational structulie, Ieliability,
schepuling anc sequencing besides the zeplacement ones.
Ueprally replacement problems can oe classitled a5 sitner
Seterministic or prubabilistic (stochastic}. In the case
of deterministic problems, the timing and ouvtcome of

renlacement policies are assumed ta be known with certaintw.



flne typical and perhaps mpst common prabiem under this
cateyory 1s finding the economic life of capital egquipment.,
Her=s, the equigment is not subject to fallure but the
operating cost increases with jts use. o reduce this
operatiny cocst, = replacement is to be perfurm%d. Tae 'best!
time at which thne tetal eost incurred is minimized, is
talled the economic 1ife. It is assumed thet aftsr the
replacement, the trend in operating costs is known in the
spnse that the replscement action returps the eguipment

to the as new candition and continues tc Hrovide ths same
services as the replsasced eguipment. IT this sssumplion holos
tiien various costs wsed in the analysis are always :nvaridant
dstween replacements. Of course, this sssuaption does not
hold where technolopical ifmorowvment of the gquipment is

LTalken imto eccoweat in the model.

' In lhe vase of prootabiiisztis srcoblems, the timing
and cuicome o the replacement acticn can degpenc an Lhanle.

5v% m&intenancs ol stechactizally failing equipment invelves

problems ci oeclsian wmaking under uncartainLy. Two sou-ces
of uncertainty are distingrishsd. First, it iz imoozsible

tu precicl with ce2rtzsinty when o Teilure will cocur or mole

4L

yen=rally, when the transiiion frem ocnsz state of the =aguio-
ment to anctiher will csceur. Second, it may D= ..impossibls
to determine the 2ctual state of thz eyuioment with anv

accuracy unless some form af inspectlon is taken. During
&
.

operation the equipment under consioerstion is assumec Lo

oceupy one of several states, the two extreme stetes being

L



'mew [or guod}t anc 'faiked'. These iwo boundsry states
enclose 2 set af intermediaie states that denote different
deqrees of deterioration. The movement from state to state
is puverned by a arobability mechanism whose law may be
comaletely Known, partially known or unknown, by Tthe decision-
maker. In the simplest situation, of course, the eguipment
may o0& desc-ibcd as oeinp good or Tailed, and the corres-
ponding probability law may be described by the distributlon
of time betuween completlon of the replacement action and
failure. The time to fzilure is =& random wvarisble wnose
Fistrioution may 2 termed the eguipment's Tziliere distzi-

Eucion,

Corresponding Lo these sources or uncertainty mentioned
ahove, are tws distinei modszls for stochastically vatiing
eguipment: 'preventive' maintenance mocels in which the
state o7 the eguigment is alweays knowun with certainty;sand
'presaredness’' maintenance nodels Im which the state of the
ecuisment (at least for some of its comsoncnis) is not kiaown

gafini*e meintenance cction is

e

wizh c=zrtainty unlicss som
taken., In this work, only the first type of model has been
—gnsiderec and so tihe subseguent discussion will be relsted

too trnis,

: With the areventive maintenance mudel, the assumption

is that the eguioment operates continuously until it has
faited. Continuous ooeration nrovides assusance that the

actual state af the eguipment is Known with certainuy.
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filternatively, it may bz assumed that the equipment is

kept in storage for its later wse (particularly when emer-
Jency arises) but is under continuous surveillance. It makes
it fpossiole to determine Lhe zctual state of the eguipment

without any further maintenance action.

The maintenance action contemplated for the creventive
maintenance mocel is replacing & ygiven pilece of eguipment
or component with another of the sams type which provides
the same serwvices. 50, like the deterainistic model, the
relevant pleces of eguipment are assumed identical at the

time al replacement,

In developing a replacement policy, the interzsst lies
mainly in detoromining 2 seguence of tiaes ab which the
replacement actions snould takes placs, and the uptiazl
Igplacement policies sre The one:z which maxinize or minimizs

same criteiion, scch as profit, fotal cost, down time, etg.

for the justification of preventivs reslzcement actions,

two impurizant conditions must be satisFi=d:

n
rk

1l cost of repleceamant must be greater aftar

v

2 The tot
a Vailure than bsfore, whersz 'cost' iz ifnez suproocriate
criverion, It some other critericn, such as down ftime 1is

H o

Lakern =25 the anprogriate one, then- that criterico is Duobsiti-

£~

tulecd in placs ol cosi. licwever, this sort of situstiocn may
be causeu Ly & ocreater loss of praduction since ceplacement

gfter fatlure is wnclanned, ap fallure of one piecs of plant

may cause Jdamage tuv obther eguipment.
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b} Preventive replacement may he adantogeous only if
the failure Tats is increasing. #s an illustretion o7 Lhis
point, 8 case can be considered yhere the failure rate o7
the eguipment is constant, By the definitian of Tailure
rate, replacemsnt before failure does not affect the oroba-
bility that the equinment will fail in the next instant,
yiven that it is good now, Since reglacement costs aro
Fositive, it will mever bYe adwisable to do preventive rep-
lacement, i.e, replacing the equinment beforle fFailure,
dbviously, when eguipment tails according to the hyperexpo-
fontial distribution its railure rate is decreasing and
preventive replacement shoulcd npoi tie enrlied in thig case

as wcll.
Ezsically, thare zrz scveral types.af preverntive

maintenance policies af interest; dne iz #oe Feriacdic polzcoy

i . & o .

\ags-Teplacament] ane apother is Lhe segukntis! Folicy. A
PEZiogic pulicy iz ane in which the vquiamenl 1= realacsr
2% 5o0rn gr it fiils, uo @e seon as i1 rezches 5 SpLCocifiec

azz, whichrvsr occurs firsi, Yhis ia tne Eimplest ann best
Eaown af the zeriodic mzinlenance solicivs and is
BFPThpriate YOI an invesissnt process with =n 'unlimited!

l-¥e time., & zeyuential polizy, un the nthes Land, is &lwavs
moze advantageous ghen the life tiTE of the investment
proczss is 'Tinite'. 1t differs from the perivgic policy in
tnat the mandatory zeplacement agc 1= re-calculated afier
each replacement. Applications of s=zguential policies include

situstiors in which the eguipment i= subject o rapid techno-



logical change and therefoure possesss=s a relatively short
lite time.’

ln case of maintenance policies for eguipment with
several parts, tne analysis is the same as Tor the sinole
nart cguipment only if parts are stochastically and economi-
cally independent. In this casc waintenance decisicns are
alsp independent and the correct procsdure is to assign a
separate periodic or seguential policy to each part. But,
if the failure distributions of the several carts are not
stachasticaily independent or i the cost of replacing
several parts jointly is less than the cost of their Ies-
pective separate replaczments, then decisions of roplscement
will mol be incependent, The condition of economic cependence
revlects the prasence of e:mnnmiéa of scale in maintenance.
Under eiiher condition, it may be advasntescsous for the
maintenance decisicns {or uns part to depend on the staies
of the remzining pactz af the sysizm, Tnils last deoscribed
repl Eemeﬁt colicy, Zim whizh 211 jiems o = graup of items are

.J.r-sEalal::eu' btﬂ

o

=zthzr =1 ceriodic intervals, whether o1 pot

2

Lhey Haue taiied since the las:t replacazment, ic celled a
"Block replacement’, The classic exampie o
situation is that of maintenance of sirest lzm.s. A block
replacement may nat:be optimsl in most situstions, The aclicy
is very easy to auminlster however, sincs no information
~5 Teguired concerning the age of individual items, =z2s in the
pericdic preventive maintenance policy for & sinole item.

A natural extemsion of this type of hlock replacemvnt policy



is in the develooment of a2 reslacement policy vor & single
item where proventive replacements occur at fixed intervals

of fime, and Tailure replacememts occur when NECESSATY,

The nature of the replacement policies has so far
been discussed in gencral. It should be mentioned here that
ceitaln procedures are already available for the selution
of the IEplacemEHtlmUdElE mentionecd ezrlier. In case of
preventive replacement problems, first the failure statistics
nave ta be analysed by using fairly standard statistical
techniques and the life time distribulion is then estimateq
in terms of population parameters, say, the mean life and
standard dzvistion. Then, with these failurc characteristics
and tlie ratio of the cost of a failure renlacemnent to that
0i a preventive replacement, thz optimal nareventive replace-
ment timz to minimize total cost per unit time can Le cal-

tulated. Now, the vsual procedures for doing this zre:;

a) Uzing mathemsticsl aodels that a21e well devel oped
a) Using & craphical solutinon procedurs ar,

c} Using

[¢]

computer packago.

1.2 Dojective of the 3tudw:

The objective of this research are tne fellowings:

1} To study age-basec periofic replacement model
for individwal item.
E} To derive a mathematical model to determine
optimal preventive replacement ape so s Lo minimize

replacement cost ner univ timwe.
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]

la determine optimal replacement ages for a ranoe
of fallure to preventive replacement cost ratios
ant for a range ov Tailure distribution parameter

values.

Te present the resulting policies in = craphical
Torm so that replacement interwval can be readily

determined.,

To compare the graphical soclution with othor

similar exaistling solutlons.
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Licerature Survey:

Literature involving the thooTy of BQUipmMEnt maince-
nante 15 now abundant. In many warks, optimal maintenance
policies have been found znd characterized for & varigly
of situalions. Detsrministic problems werz the earliest
anes ta draw the attention of many suthors an the Eheary
of maintenance but, within the past luw years a substantial
body of literature has dzveloged for probabilistic mainte-
nance problems 2s well, Impetus Tax the developaent af a
theory ot maintenance for the latter situaticns has come
largely from the practical probless of maintaining comnlex
elactronic eculipment, i.e. mocerd dircrari, ﬁissiie5+
Spacecraft, communicetion zguicments,comoutiers, elz, The
main rezson is that operational requiscmants cen be schicwved
ol y by the observance of sophisticated maintenance pulicjies.
ror the most Sart, these stringsnt operaticnal reEquiFements
¢re also sconomically justified. Howsver, sppiication of

4L

these maintemance thooriss have fow bzen exl.ended to

manufacturing imuustries.

Stochastiz proglems in malntensnce are closzly connecteg
with the reliability aresz. £o, many zarly litercastures which
considered the mathematical thecty uf relisoility are also
relevant to replacement prablems. Fhnintchine, Ralm, Krlano

and many other avthors pudlished comsiderzble works in this
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field, Weiss {%), in a series of reports, considered

the effects an systien reriability and on naintenance costs of
both age replacement and rendom age replacement policies.

In ome of tho reports, he was particularly interested in

the time to first system Failure. He propased that an age
replacenent poulicy would be beneficial if the expected

time to an inservice fzilure were a decreasing function

of the agec of roplacemnent. Herd (2} also considered

the Question of the beneficiality of a replacement policy.

MHe based his considerations zolely on the failure rate,

In his opinion, replacemsnt should be considered i1 the
failure rate is increasing. A detailed study by Fleninoer (3}
considereg the exgected numbzr af fajiures and the expected

nemler of planned replarements in a specivied intervel.

Teka'cs (4) studizc s mooel Uunsidurjnglthe tims
fur replacement ‘as non-nealigiols and the stochastic nrocess
&5 simple 'on' and 'off!' state. A, ExpOsivary paocer diectac
towaras rolianilily sopliicavions appearaed ia oneracians

Fesearch by 2arlow end Humtar (5).

It seems that 2gr replacemen* for an infinite time
“pan nas reczived mwost atlention in the literature. Morse (o)
Shows how to delermine the replacement interval minimizing
expecied cesl per unit time, when such an bpiimal interwval
exists. The derivation of an optimurm age replacement interval
cozresponding to a finite time span is baSicatly a much more

difficult problem. Barlow and Froschan {(7) prove the existence



of such esn optimal policy. A treaiment of fhe comparison
of replacement policies have heen studied by Harlow and

Proschan (8,59,

Runewal theDfY 1% &  yery imanrtant sebhjest in the study

or przventive mainfenance. Most of the yeneral Lheory may
te found in the exposilory papes by Smith {10). The
more recent results based on an underlving increasing
iallure rate Jistribuzion may be found in Sarlow, darshal and
'roschan (11) and Barlow and Proschan (&),

fThe nreventive maintenance nodels have slso been
studied, in genersl, by Joryenson, Mcocall, and Saoner (12)
and Jardime {13). Barlzw, Proschan, and Hunter (G} also

discussed variovs theorsticel asgects in thei: book.,

2.2 Glaszstr!s  Grapl;

k

Lt has been montionsc in the abjsctive of this
Tesezreh that & zet of ersphs will Es conmstruclied, s=o that
dmzintenance Intervals czn be readily celzzmined. From tha
literature, one such graphical presentation cculd ke ob
and thiz was develozeu by Glasser (14,

LGlasser's zolution is baszed an rceding off tha yraohs
(Fig. z.t) thz value of ¥ {the deviatian of optimal replaca-
ment ace fram the mean life expressed in standard deviaticn
unit) corresponding to the imtersection of & morizontal 1line
from ® [(cost ratic i.e ratio of failure renplacement cost

to preventive replacement cost) ant a vertical line Y
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(ratio of mzan 1ife to standard deviaiion unit, which is
the awverage service life of the comgoment in standard
deviation unit). The optimal preventive replacement time

{tp} is obtzinzd from the egquation

tD=Nean (uJ) + I x standard deviation (g )

ive., tp = 14 Z. 0 {2.2.7)

from Glasser's graph, the stanvarcdized cost ratio{p)
can also be determined. This gives the cost of the gatimal
policy s a decimzl fraction of the cost of g ‘replace on

7aildze only' paolicy.

1t shouid be pointed out that GClassor csc one of the
requirenents prior te using the graghs that thes faiilure
discrioytion of an item could he desc:ibed sdecualsly Ly
bieilull distribution. The weicull distribotion iz uaes
to zccommodeie a large number of reilule vharecteristics
of =gulpments, The distrilution is shacacteri-od 5y tuwo
Or three parameiers - chepe pacanstz:r [ 6}; scale rarametor
( ) and locatian parameter ( y). 8 and 1 ere some times
called opsrscing characterisitics, For failures, the orocha-

bility density function f{t]) for Wesoull cizi-.out:on

“

givan by
fit) = 75 fer t 20 (2.2.2)

bhen B = 1, the Weibull distribution is equivalent to



Nnegative exponential distribution and tlhen the (ailure rate
is constant with time, When B > 1 the failule is increasing
with time and ihe Weibull distribution renresents z case

aof both random and wearocut Tallures. When fF= 3.4, it
approximales normal distribution. Whem 5. < 1 the failure
rate is decreasing witn time. When (= 0.5 it aporoximates
Hyper exponentlal failure distribution. Weibull {15) wu=zcvd
this to describe fatigue failure, Kae (13) for vacuum tube

failure and Lieblein and Zelen (17) vor bail bzaring failurs,

B=fore uvsing uwlasser’™s gragh or determining ocptimal
replscemant ags, one muss first determine mzen (u ) and
standaro dewviation | cjjhauing cotained vailure distrioction

narameters (¢ and n) rocm the it=sm failure histo-y. In terms

or B and 1, mean and standard cdeviaticn can be exgoresseu as

-

vhere I incicstes Gamma functivn, This entails the oese of a
Cammz fu tian taole. Alternstively, onc may vwalusts Canma
no-i ¥ ¥

functien oy the foilowing approximation {18}, which aives

near surcect walues within d.2 - 6.3 per cent accurdoy.
- i 20 574 y
[ix) = x".¢ x'f§1{1 * 1?y oy - 1 3 —
< 258X 57 dulx 2488320x



Joy, 1l camn De realized that Glasser's grasoh can be a time

COnmsSuUalng process,

finother interesting point to note that Gflasscr plotted
the graphs upto a maimimum value of 140 for V¥, Relatino ¥

to B, it can be seen that V is a function of B anly,

‘o oa | (2.2.5)
° [I‘If1+,,—‘é}:'——,{l“l:1+ JE}:E ]

For all pragtical purposes,f waluz can 2t the most
Le around 5.0, Z2pecial Weibowll orobapnility papzrs also
cater For a ranpe of & values, Lhe maximum being 5.0. From
aguatiogn (2.2.5), il can b= seen that for = & af 5.0, v
will around 4.2325, which i5 var lower lhan 104,80, 2o a wide

zone in Glasser's graph (Fiv. 2.1% will rarely be used.
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(HAPTLA 3

FORMULATION OF MATHEMATILAL MQRDEL

3.1 Model for Bge-Lesed breventive Replacement:

Pfn aue-based preventive ceplacement policy specifies
that if 2 wnit survives to a specified age then 1l 1s
replaced, with edditional erovision tpat iv =2 unit fails.
Jrior to attaiming that specified age then it is immediately
replaced. fge-replacement is logical if the cost of
replacement oefore {ailure effects some saving. rhis woulc
indicate that there iz an additional cost vo a faliurs

durinc operation over and abpue the cost of a new unit,

To balance the cost of the preventive repiacements
agzinst their Lenefaits necessitates determinaciaon or the
tptimal prewventive replacement sge for the =quipment to

minimize the totail expected cost of replacements per unit

time, AL e-based greventive replacenent model is well droveloesed

L] . r - . s a -
ann a deteiled covarcoe his gsen given by Jazcing (13), This

pclicy is expressed in Fig. 2.1,

Failure

- u -
replecemant Failure

replacenent
E Prevent_ve

5 .
reventive repglacemznt

replacement

]_ ] 1 1r

time

A typical replacement cycle (ige Replacement Momel )

Fig. 3.1.1
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Frem the {igure it fan be seen that the fAage-based
preventive replacement policy incorporates two possiole
cycles aif operation: one cycle beiny determined when thro
gouipment reaches its planned replacemenl age {tp]; and
the olthar i= due tv a failure occuring hefare the plannea
replacement time, These two passible cycles are illustratec

in Fig. &.:Z.

Praventive Failurs
replacement replacement
Ope-ation . -
- ~ or, : Uperstion
r
| t ; ! i
P ] +
] —-——— ] v
== L [
C,czle 1 Cvcle =
(ea) Preventive realacement (b} Faiiure replacement
LyLle oyLipe
Fig. 2.2
The totzi axrpezcled replaccemant gost pe2r o unit time
C[tD} is
it ) s Total expectec replacemonl CcOSc p2f cyolie

Expected cycle length
ratal gxpected
replacement cost = {(cost of & preventive replscement cyclsz)
ver cycle x {uroaability of a areventive cycle))
+ {({cost of 7ailure cyclelxiprobability cf
. s =T . ’ - -FIt -.
a failure cycle)} L Hkip}*LF[T R ﬂ}j



Exnected cycle length = {length of a preventive cycle)
x{Probability of a preventive cycle]
+ {Expected length of a failure
cvcle)x{Probability of a failure
cycle)

= Lp.H{tuJ+{ExpuEted length of a failure uyDlEJx{1-H{LpJ].

Exprrted lengih of a failvre cycle when a preventive
replacament is carried out at time tp, will be the mean of
the shaded zone =5 demonstratec in Fig. 3.3, since the
vnishaded aree is an impossible recion oo rajiiures. Maithema-
tically, iv is =xprzss=za as the
mean time to faoilure within the

inte-val (DO, tp}.

That is:
fPtf(t)oe
it ) == _
e T-Rit_ .
: T
an item
Tnezrefore, Fio. 2.2
Exnected cvcle rengen = t .H{tp)+{£x:uctsd ilgpgoh of =

%

fe1lure cvolels (i-ftf{s_J}.

5
4 -\.rJ_ e i Bz ] .
h:_l.h\uﬁ}ﬂ. tp} {1 EH;‘;J
Fow, tho tutal expected I=zplacemsnt Zost per uniy Tlae

L{tmj s

Total expected replacement cost L2 cvCle
E{t J - [ F__ .
9] txp2cteo cycle lencth
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For an aptimal replascement age tﬂ, egquation {3.1.2)

is differentiated with Tespezt to tp and then eoguated Lo

zera. This gives:

CLR{t_J+C.qp 1-R(t_}
t(t ) =—P 8 ¥ P (3.1.2)
E
t
PR (L ) ot
o
dCit C LRt J+L. T1-R({L )
|: pjz d £ i l}} r I: I:‘} g
at gt £ -
3 7 Prit)ds
]
C_.a(t_JaC.{ 1-8{t_ M
or, =5 = P T SR S
o L
PR{t)dt
]
Patchat. =2 L R(t Jaro{i-nit 3} - {C .A(z )
G L.I.':‘ 0 C T [ TR u]
§ 1
= Eo{i-R{t J}e =— { IUR(%)at)
J I "'p ]
or

AN ]

[
1 é Rit bou



i
N 1 — 3 — _l.._rt
JDH[t;dE, {-Ep.F{tp; + LF{DJ + BT p}}
- + R ] LRt
{C Rz JeDe L 1-RIE D) LRI )
ar, =0

i 2
¢ Matt)dt )
a

t .
Ur:_;%{tjnt.{ -E;.F{t J+Efr{tpj} - {CRie p+C [ T—H(tpl]hH{L£}=D

F pooon
EP
- | CF y C, YV _ R -
oz, J HLE}dL.rutp}{Ef~Ep)— IEﬂH{Lg;+Lf[ 1 E{tp)]]ﬁktp} 0
t;

i T i = ": " i ar _ £ 17 .‘Hr_ L
or, I H{tJdL.Fktp)[EF C.) {L;.Hktpjlhf [1 H{‘m‘]' LAl )
v T 1 ,

Y N ~ R S b= . Y _Hy Vi
or, J FE{t)dt, { L) fo pr {EP.H(EP;TET [ 1 uxtpxj}
o ?
o S

[
or  JR{tiet, {g=F . (L.-T )= {C.-R{t_J(C.-T_J]
4 [ M [l Pl T

':I

oo - - . . P .
Lﬁluldlﬂg both side bw (C PoEng we gEt]

F_Lp

T i
a Fa(ejer, jomp’y _ Rz )
T miEE Fie_ ) AT
Cl I uj
Fle ) fle_)
55 L) - 2 B . uhers L{s .
Since rl.'_.pI T T—FLEDJ where {UDJ iz Lhe

hazard 1ate or instantaneavs failure zate (or farce or

mortality) st time t” and putting this
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:P ¢ EF -
or [T R{t)dt. rktj} = ——— - R{t )
[ I .F F_;I I:I
£ -
L 3 0 . =
oT, r[LD; é Rit}dt + H(uuj Ef' ED
C
.F
t o
ar ot )« [PA(L) dit + h{t ) = ~
u] A £ Lp
S
p p
(Since Tailure cosl ratio k.= Efpr}
t
(S , . ke -
or, vt ) JUR{t}dl + R{t_ ) = - (3.1.3)
H L P lg = 1

which is expressszo in tocoms of cost ratio (i.o reletive
F

failure cost retio}.

The model describzd in equation {3.1.7Jcan alsc be

exporessed in multiplszs of planned replacement caost, i.e.

Eftp] =t = ' o (E.1.2)
LD
fMaiton
i Of+ r T I I ]
Lit_; ) oy ﬁj q H{HLH 11 d(tp)]
“a &
u]
TRt ) ot
[}
:le; Rit_ )] + k{i-Rit
ol — = & {Zoi.4)
Q

PRt )di

Oh rt
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The saving for the optimal age replacemsnt policy

over a policy of

'replacs on Tailure only! can be calculated

and which is given Uy 'savipng' as percentane of cost of a

policy of 'replace on failure only' as "ollows:

Saving a5 a percentage of cost of a policy af 'reslace on

faiiure only!

which is the percentage caving for AUE reRlaceront

[Cost af a pulicy of replace on failure only)-(cost
= X - ¥
- ?ffm;tlmal“pmllcyj | x100%
(%%siJ " & nvlicy of replace at failure amly)
L
- "-ﬂ:-,: -
A, _ﬁ
¢ b~ ol
S _ . -
. . Memnjemlure Lime
g':‘_:.nﬁ-j o | —— - 1[]{_"*'
f
C
¢ f
1 . :-l
= Mean Failurs Lipe J
ot )
=] T - — E 2 104
[N
- f .
Meerr failurse time
[' Cle ) |
= [_1 - = =~ % Mewn failucs time . Jx 7L
~ e
! 2
J = oM
_ p o
=] - T |x Td%
_.1\."1"' 1
L . X
L.L_)
— 1
=i - —<= x| 1004 (2,7.5)



dtandard cost ratio (o) is the raetio of cost or
optimal policy to the cost of & policy te replace at feilure
only. This can 5Sc formulated as foilows:
Lost of optimal palicy

Stanaard cost ratio Pl =

Cost ol a policy Lo replace &t
Tallure anly

L{Lp) E{EEJ

e e
oo L-': DJ B L.-': LJ;I _ LrJ _ p
Ty L B -
v T L e f
liean failure time U T T
P
r
H[tDJ
—_— .
|:I ; { -
Go= . 3.1.':'}
K

which i3 the stancard cost ratio of Age repleacement policy.
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CHAPTER -4

SULUTLION PRUCECURE FOR THE MUDEL

4.1 “eneral Comments on the Soclution Procedure:

The formulation for the determinastion af cost optimal

preventive replacement age tp haz been piven in equation

(3.1.4)5 which is

Cle ) REL, D+ k[1-R{t )]
£ T {3.%.4)
= JAR(t}at
]

The ejuation is not explicit in terms of tp

solved without the use uf an iteretive procedore. Sut befors

discussinc any particular it

=0 ronsider the nature of the cosl curve ELth. In figures

“.7.1 angd £.71.2 {two possible cost culves are plaotted.

amcg s can gl be

terative |.rocecure it is esseqtizl
|

Cit }
RO Cit ) ﬁ
= i
L 1
[ri]
o
oo Failurs \\
g_z ~— Tealecement
L oo cost per undf ™ L“t_)
time R\xxhaﬁh_ //_ .
L. C-
" ]
T "o
Clc
(c,)
e tl:‘ -~
# t
t
S p
Fig. 4.1.1 £1g. d.1,.2

Typival curves for cost function E[tp}
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iIn Fig. d4.1.1 %he curwe E[tuj has gol a minimum.
barlew etal ( Y ) has provea that for an increasing failure
} -
v e, ole)
mest CTDSS Effu to the right of where Epftp CTOSS0RS Effu

rate L(tp] has at mast one minimum, and for C

?

=i

i¥ it crosses at =11l. 1n the second figure, it is seen that
E[tp) doeEs nobt cCross EFfu whiclh implies that preventive

replacement 1s not beneficisl in this case.

From the avove discussion, it is apparent that any -
iterative procedure should incorporate two important wspects

in it. Fhese are:

(i) Iwentificatian of thz minima in the cost function,

and, and

{ii) A stoppino rule when a minima coes not exist.

ey}

lasssr (12 ) solvad the equalion by Hewton-Raphson
technioue. "T*o-nmatively, opitimal t.J which lies 2t the mimima

un i LosT cdzvz, can se delerrined by initializing Smell

i

value of tu in the prograsme and then inzressing the value
o tF by discrete namber, prefersbly smallest inmteger unic,
until The minimum cost coinc has bzen reashed, In tiiis latle:

casp. failure Tims

[ m]

iszribution showlo o exnressec in the

smallest time unicz,

Hiwewer, in either procedure, tp is obtalned Toz a
Tixed ceost ratioc Kk (which is the ratio of tne cost of =
failure reglacement to that of a preventive replacament)} and

fixed values of failure distrioution parameters 8 sond n .



IThe walues af £ ard n are required fur thz solution of
the reliability function H{tp}. For Weibull distribution,

Rit) is expresseo uy

R(t) = exy (- ( {'T 18y (4.1.1)

From the cost equalion it can pe seen that the term

PoR(t)ot will have to be sglvecd at each iteration., When &

L =

larye number of iterations is invulved, it may tske an
aipreciaole amount of computer time., fdnother problea is
Lhat if tp-is not an intepsr, thz sgolulion of the integral
Dy a numsricel prucedure (2ither Traperzoidal or Simoson's
rule) will involve a Jdifficult computer nrogramminc. These
two vifficuities will definitely arisz in cese of Mevton-

FRaphson solution procedure. %0, the model hes bszan solued

gy thne elternstive procedure meniioned aoove.

However, fuar a ygeingrel recresentecion oi replacement

poiicies, tp will neve to 5er obtzined Tor a2 large rangr

of wusl ravic v  &ans Yor large fanoss Gof B anc 5 . Folliopwino
Glasser, Lhe range vy cost retia k  fes oeel takea stam 7.1 o
ibd,0. The ramge of £ wvalues has besn taken from .1 to 5.4,

Thas renue 57 F value ia ~uile sufficien®t fur all arectical

T
i,
)
o
m

purousss,. The sSituations whesre |k & 1 amgdfar
imarevlicable in so far as preventive renlacemenls aze

concernsd, Jecause Jreakdown mainceEnance wlill D mOrEe eCconcaic.

In the solurion procedure, a single values Tor charac-

teristic 1ife o1 scale parameter 1 is considered rather tren
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&z range, From Glasser's solution wherz optimal rfeplocement
age tp is determined for l< and Wi(=1/o.), it is apparant
that tp is jindeoendent of n , because [ w/0 ) is a function
of B only (eguation 2.2,5 }. But tne value of 1 shoulu be

large enough, so as to minimize computational error of the

p
integral /o Kit)dt., Toc illustrate this fact, a sszries of
o
reliability curves have been drawn for n = 10 and n = GO

for some values ot B {Appendix-f}. It can oe szen from the
graphs that for sma2ll 5 wvalue (i.e. n = 10}, the reliability
curve sharply falls to naar-zeru values. The higheos zhe

value af #{ , the sharger is the fall of Fit). While integra-
ting #{t) owver this sharply fallen zone, comautational

prrur will be substantially higli. 5o, to minimize xhe

integration error, the value of n  has oesn taksn as 00,0,

fis far as ~hro shepe of the distrioulion is cancernzd

tne chalce of 11 does not change tne shaze cheracte-isvic.
it simply Tlattens c¢- elrioetes the density curve Tor lazae
waluees of 1 - The effects oF verinus 1 walugs on thz osrpoa-

sility uensity runctiaon f{i)} have been shown in fopendix-E.

nr Weiowll cistributiaon, (&) iz givea by

+ B
Po.ooexp f- | # }L } (a.1.2)

The functiwvsa. value has been compuied by & computer arooramme
for various values orf g and n  and over & large range of %,

L

In fppendix-3, f(t) curves have uveen olotted for n values
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of 10 and 50 for each 8 valuv ranging fzom 1.5 to 5.0 with

an increment of 0.5 {i.E_E = 1.5, 5.0, G,3).

4.2 fomputer Package for the Solution of the ilodel !

For solving the mathematical nodel a computer programme
has been written in FORTRAN language using 10 370 computer.

The whole programme is divided into three sections consisting

i} a master programme to cetermine cost optimal

repitacement time, reniacemnent cost in mulitiples of

m

vailure replacement cost and savings if any,

ii) a subroutine to carry out Weibull analysis anid

scive the integral it )gt, and

oo ot
ul

iii) = functional subprogramme to solve tha gamma
vunctioa (I ) for ceterminzng @maan time bhetween

failures amd zlandard deviation.

e vlow chart and the projgramme have been civen in Appendices

the iterative croca2oure which has Leen incorporatad
in tne acoyramme is a very Simple amd cruges ons hut efTeciive.
Ihe value of opiimal replacewant age has osen initisziizen
g% L_ =1, and £(t_)} is evaluated for this= = and vhen for

o = - P
I
COMastisan Eftphseualuatec for mext nighsr ¢, i.e t_ = 2.
= =

3y simple lagic, tne minimum C[tp} is kzpt in store, If Cltn)
Fl:rr'tp = 2 is smallez, then E{tp} for tp = 3 is galculated

and compared with the previously obtained minimuem cost, If
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E(tpf %Dr t J is minimum, this value is kepl in temaiorary
sturage ayain &nd the iteration is procesued as before until
the trend is reversed. This means, for a certain new value'of
tp’ if it is found that E{tpr 1} 15 smaller, then {tp - 1)

is the wpltimal value since the cost is minimum at this

point and the iteration is stopped. The programme than
calculates tne saving that can be obtained by adopting this
policy., IF the saving is negative, then break doun replace-
ment policy is superior te preventive replacesent policy.

It the saving is positive, them preventive replacement is

aeneiicial. The policies sre printed gcocordingly.

ne cost curve is one of Fig. 4.1.2, the search

rF

If
foz e wild heve to be stopped anyway. in ithis ArOgTammeE
tne search is continued upbo a2 value of t_ where H{taj is
Bcual vo or less tinan O0.005, Since there is na minime witnin!

iy ranjge, the cotimal replacement policy is taken as failurs

rewlases=nt ona.

a-

1he optimel replacsment policies sce cesermined for s
rdnos of wvajues of cest ratia, as mentioned in che graviocus

section. ihe ranges and incrementzl values s-s as ihz foilowin

|
N

Vi1, 2.0,0.1):{2.0,i0.0,1.,0), (10 U, 20.0.5.00, (60, 0,100 0,10,

In thz crooramme, this has bean executed By simplz looic

statemencts.
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CHARTER-5

AESULTS AND DISCUSSIGR

5.1 Results froum the FModel 5Secluxion:

The cost-optimal age -ewlacement model has been solved
for a range of cost ratiocs and a range of B wvalues by a
computler packace bdisScusserd 1n section 4.2, The resdlis heve
been cresented in both tabular and graphical form. Tahulzar
gresgntation has been nade as & direct primf-out frowm the
computer package. i1t includes informations like B, 5,
mean time time ustween vailures | uJ, standard deuiation
{ &) anc avorage service life in stancard deviation units
{w /o ) in the beginning of =ach btable. Thessa aré fDliSwEd
Ly « table containing relacvive cost of failure of replacement,
resuiting optimar poilcy and associatec stancarcdized cost
of optimnal pblh&i}?ﬁgaagggz;gﬂgd gives 'replece on §failure

irpcase of break-doun 1eslazement being optimal ooc.

FEIEF?htiUE replacenent teing zpiimal,. the uzino-

out gives ag %zg value which indicates devietion oi wptimal

zge from the characteristic life n. The walue vy 'Z' it

calculziecd oy

t_ -
23:- E - (5.1.1;
v

Sn,iﬁelmpt

imalface is

g n G ) (5.1.2)
Ept AN
The-(resaligsfg-are ol erglin TablefS. 1.1,
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Computer print outs

Table 5,1.1

B=la.1 ETA=10G0.0 FMT= Fhagd Sn=, BETaR3 as50= 1.09d58
kel ATIVE CO5T OF GrTIMat ST. CUsT ;
FAILUKE WEPLACEMENT ALE RatT Ll
1.100 REPLACT OW FALLURAE DONLY
1200 RoPLACE OM FATLURLE UMLY
l.300 REFLACE 04 FALLURE 1JMNLY
LefO0 REPLACE UM FAILURE {MILY
1.500 REPLACE {1 FATILUKRE OMLY
1.400 Rertalt OM FAILUME OFILY
L TOD REAPLACE G FATLLUEE [EMLY
1.400 ReCLACE OH FALLLURE DMLY o
- TleF0CATT77 Tttt REPLATE oW FATLURE GNOY ST "70 0 Tttt TR o m e
2000 REPLACE DN FATLURE TMLY
300 REPLACE OM FATLURT DMLY
Ga 1000 RUuFLACE OW FAILURTL UNLY
- 5. 004 REFL&CEL 1004 FALLURE GHLY
HalUgu 2w 700 . Ua93797
?qL}ﬂfJ !.l-rlj':.]':-' u}-ngﬂ?‘
500 10200 09T
9w il 1. 7DD OaB94%
10004 et 6010 D.9323
152000 =-0. 1340 0.9774%
2“.00[} _n;-jTDU - Biqf:ﬁ;‘.r}
£5 w00 —GuS GOl 09404
I 0400 —J %30y Na%387
35 .000 =0, 5500 09284
J"'G'ID{JU BP0 Oe91l ST
B0 0. 7500 09043
60300 —0a 1500 De8%1h
S« 000 —tedud DadT1d
9L 1103 — 0w 00 O8G0 26
Dda30G0 — D BT 00 DaB5500
ETA=100a10 FKT= PR 50= TadsT 119479
ATIVE CUST OF UPTIMAL STO. COST
URe REPLACEHENT . aGc RATIL
L1000 REPLACE OnN FATLJRE DNLY
l-200 REPLAC Ol FATILURE [OMHNLY
La300 REPEACE ONM FAILURE JHLY
laa00 FEPLLACE ON FATLUAE [NLY
L5400 REPLACE OM FAILURE ONLY
lasOO ACPLACE OW FATLURT UMNLY
L.TDG REFLACFE UN FAILURE QOHLY
1800 REFPLACE DO FaTLURL ONLY
L &0 REPL&ACE hd FallLlURs ONLY
L0000 REPLACE OM FAILURE ONLY
3.000 3.06a00 0.99599
G000 12700 OIS TH
He 000 O« 59010 d.95912
He {0 D-E‘I'D'-:" DeP827
T 000 Dwtl 2010 Q.77
Bal0d =01 200 0.3L20
G L0010 —QeA 300 0,95%149
1 0.0 -0a.3[00 D427
L%« 000 — 000 Oa.fGNl
20.000 ~MahbQdU DaliaTh
20 2000 —0.72400 T |
A0 L0010 "U-?&lﬂ'u B.Sl‘}ﬁ
39 . 004 — 0. TE00 D.8012
4U.000 —Ged i O THDS
S0W000 ~(m 350} QaThH9
Goaudg - 0. nT0G O w300
T0a00u — W HB00 D.T202
Bde GO0 -0 FGO0 DaT05%
U0 =09 100 Nabh 33
lO0G.0Gd —[teB 20 De&Aa0n
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5.2 Graphicel Presentatian of fige-Aeplacement Policlesy

Optimal ege-veplacem=znt oolicies given in Tabl= 5.1
have btevn procuced in graphical fora (Figs. 3.7 and 5.2).
For the purpose semi-log papers hawvs been vsed. The values
ol relative cost of failure replacement X hauve been taken
as the ardinate in the log 'scale and £ wvaluves have bazan
faken &5 the abscissa in the ordinary scale. The piottings
give I-curves (Fig. 5.1} and standardized cost(pcurves

Figq., 3.2). Each curve reyresants a particular value of

—

7!Fic. 5.1) or a particular vetue of standardized cast {p)

{Fig. 5.2).



Fig.5 Cptimal Policies (7 Curves) Under Age Heplocement
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Fig. 52 Slandardized Cost Curves {P)For Optimal Policies Under Age Aeplacement
[(Weibull distribution)
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5.3 Discussion: -

The new wyraphical oresentztion for optimal ape replace-
ment policies as given in Figs. 5.1 amd 4.2, pradoces sats of
very uniform curves,. ftfhough thoere was no nzed of two
pluttings, 1t has been done so for clear presentation of the
urwes. Having cbtained the value of £ fur & certain value

of shape parameter B and relative cost of failure replacement

r1

"« , {pr, K Aau in the comruter crocramma) optimal replacemenc
age (tJ} can be readily detecmined by using =squation {5.1.2)
" Ufcourse, Failurs diszribution paramete:ss { 3,n ) for the
respective item for which the replacement policy is beinrg

determined, are tuv he evaluatad first from ihe faillure

history of Lhe item.

The discretization a7 tp values may result in =ame
arrors in getecmining opeimal wvalue of tﬂ, but the choice
of smallest time unit like day or hour a5 appropriate, will

minimize this error. So, bhe methodolooy appliec is fairly

adeguate,

Comparison of the results of the present solution with
those of (lasser bas heen made., fFrom Glasser's craph, optimal
replacement =zae tg has been determined for a numbser of
vaiuves of cost ratic and average service 1life in standard
deyiation uvnits (i.e. pfo }. W and g have, in turn, boeen

evaluated from f and n by the relatjonships given Ineguations

{2 2. 3} and prEqEHtEG in prLnde E. Glas er! 5 th hasfbeen;

cunuerted to 7 value as given in, the present solution proeedure,



LA
(my}

Table 5.3.1 shows Ehe comoarative Z2 values and scancdardized
cost walues, It is pbsztved that there are sowe discerepancies
in 2 wvalues veor wvery small and wery high cost ratias for
low=sr ualueafof 5. This can only be explained by the fact
that in case of Classart!s soclution, Z-values hawe been
calculated from Glasser's graph and graph reading could not
e Cone as accuratsly as would have been desired for a good
comparison, Wevertheloess most of the Z-velues are falrly
close, The walues of stapndardized costs ars alsa fairly
cluse, (Table 5,3,1 shows present model solution vs,

Elasser's solution).
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Tabhla 5,.3.1

Fresant Model SHoin., Ys, Glasser's Soln,
o= 1.1 n= 100 W= 96.49 ¢ = 387.8 ' v = ufg = 1,04353
Fram Classar's Graph Fresent Model Sclutian

Lost racloy Optimal aye | Standard Cost| Uptimal an3 | atandudard cooh
K z ratioc 9 Z ratio P
1.1 - - Bm -
1.5 - - Byt -
£t - - 5M -
Td.1 0.440 C.220 1,48 0.952
153.0 -f.140 0.9745 =0.13 O.977v
20.10 -3, 3835 i, 960 -0, 37 0,942
23,0 =0, 473 0. 45d =0, =0 b, 9a0
35,0 ~0,605 (F.92U -0,85 . 524
ad,d N 0.8825 -0.75 .30z
70.0 -0.82I0 d.a7a -,82 .,880
TitG, 0 -0,877 1,880 -0.87 0.855
i o=1,2 = 10d = 94,6 o 72,73 = 1.134%3

From Glasser's Graph

Aresent rflodel Solucion

Cost ratio

Uptimal age

Stapdarg cost

Optimal age

Standard cost

K z rdatio p Z ratio P

1.1 - - B -

F.5 - - B -

2.0 - - B -

10 -0.33¢ a.938 0. 31 0.9472

15 ~0,531 0.900 0.54 0. 940

20 _0.649 0.850 - -0.85 0.HG7

25 _0.720 . 0.840 0,72 0.841;

55 _U. 780 0.806 _0.78 0.801

50 -0.840 0. 760 -0,85 0,753

70 -0.885 g.750 -0.82 0,720
- 100 ~0.914 0. 708 -0.52 G.680

-~ Break down

matntenance,
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From Glasser's &Graph

Przsent

floael Sulution

Cost ratic

Optimal age

Standard cost

Optimal age

Scandard sost

e z ratio @ z ratio [

a1 - - Sl -

1.5 - - M -

2.4 3r504 - o -

10 -, 484 0.55 =L, 50 U.a7al

15 -d.6547 b.52 -0.65 d,814

20 -0, 722 i, 77 -0.73 0.770

25 -, 753 a.75 -0.78 U.736

33 ~0.804 f,619 -0.83 0.58E

50 -0.863 d.625 -00,87 0,33%

70 -0, 528 0,276 -0.3d 0.583
100 ~1,9249 G.53 -0.E23 0544 )
B = 1.4 o= 1040 ) 91.14 v gh,497 v o= 1.33132

From Glasser’s Grapn Prasent Model Zolution B
“Lost railio| datimal age | Zcandard cusk| Uptimal age] Stancard Cost
K Z ravia p z ratioc o

1.1 - - Qi -

.0 - - il -

2.0 T.48Y 0,48 2. 06 0,85%

10 -0.5738 O.52 -b.5 J.810

15 0,711 a.72 -0.70 0.735

20 =0, 740 4,868 -d,76 0,504

25 -0,803 0.64 -0,80 0.645

35 -0.83%3 0.58 -0.84 0,580

50 -0.885 0,52 -0.38 0,536

70 -6.1925 0.49 -0.91 0.438
oo -4,8921 0,93 D.442

0w




= 1,3 n = 100

1!

=80.,2%

J =61,30 W

58

1.4725

Fram Glasser's Graph

PFresent Model Soclution

Cast ratio

Uptimal age

Standard-cost

Optimal age

Standard cost

K Z ratio p z ratio p
T.1 - - =1 -
1.5 - - B -
2.0 1.164 .99 T.17 0. 908
14 -0.51b 0.75 -0.02 d.7449
15 -{J.709 n.o7? -0.72 0.g6%
20 -0.733 0.60 -0, 77 D.B11
23 -0.,782 {.58 S| 0.571
35 -0.846 0.50 -0.55 0.513
>0 -0,883 0.46 -0.88 0,458
70 -0,3408 a.4a0 -0.91 . 471
160 -0.954 0,36 =0.94 il. 363
B= 1.3 D= 100 a o= 889,55 o =.57.38 vel, 56246
From Glassesrt!'s LGraph Present Model Solution

Cost ratio

dptimal age

sfandaru cost

Uptimal age

Standard cosk

K il rabio p Z ratio p
1.1 - - BM -
1.5 1.61F - B
2.0 0.756 0,393 .73 0.995
10 -0,518 b.70 -0.6a 0,695
15 -0.721 0.61 -0.73 0.608
20 -0.740 0.55 -0.78 0.550
25 -D.813 0.51 -0.81 D.501
35 -D.B42Z 0,45 -0.85 o. 451
50 -0,882 0.40 -0.88 0,396
70 -0.925 .35 -0,30 0. 350

100 -0:8925 0,31 -0.82 0.3nv
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g= 1.7 n = 100 po= 82,22 g = 494,03 v = 1.855124
Fram Glasser's Graph Hresent Model Sclution
Cost ratio|l Dptimal aje | Standard cost} Optimal acz| Stendard cost
K Fid ratio p z racio p
1.1 - - B -
1.0 1.511 £, g4 1.5 b.o5s
2.0 0,432 0.4932 i, 4% F.98%
Iy -U,B4E 0,65 -0.58 0,647
15 -0, 754 0.55 -0, 74 . 0.5587%
20 -d, 787 .50 -0, 74 0.433
25 -0.8048 G.4a -U, &1 0.457
35 -0.845 0. a0 -{3.84 . 440
a0 -UJ.884 .35 -0.87% 0,347
0 -0.,911 . 30l -0.80 0,303
100 -0,927 .25 -0.9./ 0,26
B= 1.8 n = 100 po=848,92 g = 51.183 v =1,73809

From (Glasser's Graph

Prazsent Model Solution

Cosc ratic
ke

1.1
1.5
2.0
i0
15
20
25
35
50
74
100

fdptimal age

Sbandard cost

Optimal age

standard cost

L rativ g 7 Tabiao p

- - am -
1,214 0.35. 1.18 .959
0. 298 .94 .24 0. 383
-0.670 0,60 -0.65 0,505
-0,748 .51 0,74 0,514
~0.773 a. 46 -0.78 0, 458
-0,803 .40 0,81 0.415
~-0,835 0. 36 -0.84 0,359
-0.875 0. 30 “° .p.87 0.307
-0,918 0.26 ~0,89 0. 265
. _-0.926 0.23 -, 91 0,227




b= q.g 1 - 100 H = 85,73 9 = 48,52 v = 132511
_ ¥
From Glasser's Graph Fresent Model Solution

Lust ratio|l UOptimal age| Standard cast Optimal age | Standsrd cost

K i ratioc o Fi ration p
1.1 - - [0 i
1.5 1,051 0.49 0. a0 7.943
2,4l 0.178 D. 95 0.13 (1,375
10 0,554 0.57 0,65 0,563
15 ~0.727 0,47 -0.73 0.477
24 _0., 775 .42 ~0.,77 0.419
25 .75 0.38 _0.,80 0.379
5 -0,835 0.3z -0.83 0.324
50 -0.854 . 27 -0.85 0,275
70 -0.888 0,273 8,54 0.235
10y 0,907 0.20 -0.91 0.199

B = 2.0 n o= 100 h =08_.62 O = 45,34 v o= 1.31243
Fram Glasser's Granh Present Model Solutbtion
Cost ratio Optimal age } Standard cost| Optimal age | Stenoard cost
k i ratia o i ratio p
1.1 - - Efl -
1.5 0.G681 .53 0.69 0,997
2.0 0. 081 f.568 0.040 1,958
10 -0.675 0.54 -0,65 0,536
15 -0.745 O.44 -0.73 O.444
20 . ~0.765 0. 39 -0.77 0.388
25 -0,.797 0, 35 -0.80 O.344
35 -0.822 a,30 ' -0,83 0.238
50 -0.8452 0.24 -0.86 0.248
70 -0,869 0.21 -0.88 0.290

100 -0.84949 U.18& -0.80 f1.1786




B2

B= 2.1 n= 100 U= 25,58 U= a4, 32 v = 199408

From Glassez'™s Graph fresent Model Sclution

Cost ratio Stancard Lost dtanvard cost

Uptimal age

Uptimal age

it z racio @ cabio Q_H
1.1 - - B _
1.5 0,557 0.99 0.54 lj. 995
2,0 0,033 .35 0,03 4,357
10 -i1.588 U.50 -, 6 0.5G8
15 ~3.723 0,42 -0075 0.416
20 -0.754 0.36 ~0. 75 0. 361
25 -0.778 0. 30 -0,73 0,322
35 -0.812 0.27 -0,8¢ Ox271
50 -f,854 G.22 -0.85 U.226
7l -0, 8E0 .20 -G,87 0.1 20
100 -1, 880 0,16 1. 80 0.153
h= 2.2 M= 140 K = 88,55 = 42.51 ¢ = 2.08318
From Glasser's Lraph Fresent Model Solution
Lost ratio| dptimal age|l Standard cost| Optimal age | Standard cest
. z ratioc © . il ratia P
1o - - 2 -
1.5 0.4227. 0.99 0.43 iJ.3993
2.0 -0.03 0. 34 -0.02 U.548
10 ~U.652 (.47 -0.68 0,482
15 -0.707 0.3% -0.72 0.332
20 -0.749 0,33 ~0.76 D.337
25 ~0. 758 0. 30 -0, 78 0.300
35 -li.802 0.2% : -0.81 a,250
50 -11.825 {.20 -0.84 0,207
70 -0,858 0.17 -0.87 0.173
00 -0,879 0.14 -0.89 D.142




M= 100

H= ZH5.358

¢ = 40,85

B3

v = 2,1B77E

From Glasser's Graph

Present Model Soiution

Optimal age

Standard cost

Optimal age

Standard cost

K 7 racvia R i ratio P
1.1 - - am -
1.5 0, 322 d.549 O.34 a.291
2.0 -,053 .54 O, de 0.4939
10 =l.B 385 (], 4B -i.B65 0.450
15 -0, 707 .37 -0,%2 0,370
20 -0, 738 a, 32 -0,75 0.317
23 -0.770 0,28 -0.,78 0,240
3s -0,.789 .23 -0, 81 0,233
S0 ~0.805 a, 20 -0, 84 0.1,
70 =0, 831 .16t -0.a6 0.1%8
i 140 -0,880 .13 -0.848 0.129
=
<
L &
<
(%)
P o=z n = 100 U = 88,64 ¢ =39, 35 v = 2.25186

Fram Glasszr's Graph

Present Model Solucian

Uptimal ags

-Stanoard cost

Optimal age

Stanmdard costk

K Z ratio p 7 ratioc §

T . 1.848 - B[ -

1.3 0,274 o,4938 0.27 f1.5988
2.0 -0.,116 0.493 -0.09 0,330
10 -0,5850 H.4249 -0,85 0,434
13 -0, 701 U. 35 =0.71 0,351
20 =0.734 0. 30 -0.74 0.Z39-
24 -0.%50 0.20 ~0.77 7 0,263
34 ~-0,.7B3 0,22 -0.80 0.217
50 -0.828 0.18 . ~f,83 B,177%
70 -0.846 U.14 -0.85 0.145
100 -0.858 R "5-8?1 b.1148




F= 2.7

M= 100

¥ = BB,09

Y = 33,594

f 4

v = 2,50175

From Glasser's Grapn™

Present Model Solution

f.osf ratio

Ogtimal age

Standarcd tost

Uptimal age

Standard rcost

K Z ratia P Z ratioc p
1.1 1.305 - B -
1.5 0.1377 (.48 0.13 0,578
2.0 _0.162 0,96 -J.15 0,303
10 -0.628 - 0, 40 ~0.63 . 350
15 -0, 582 0. 30 -0.59 g.305
20 _0.711 0.25 -0,72 a, 250 -
25 _0.747 0,22 ~0.75 0,223
35 -0, 786 0.19 -0, 74 0,181
g G0 -0.800 0.14 -0.51 0.145
70 -0.838 0.12 _0.83 0.117
100 ~0.842 0,09 -0.85 0.094
B =28 T =140 M = 53,03 O = 34,45 v = 2.58440

Fram Glasssr's Graph

Aresent PModel)l Salution

Cosz ratigl’

Uptimal age

Standard cost

Qptimal age

Skandarm) cost

K. il ratiao o il ratio g
1.1 1.120 - B -
1.5 0.121 0,97 .09 0,376
2,0 ~0.164 U.69 -0.17 U.895
10 -0.653 0.37 -0.63 0.375
15 -1.6878 (1. 28 -1,68 b,2893
20 -0.708 0,24 -0,72 0,245

- 25 -0, 734 0, 21 -0, 74 0.213
35 -0, 757 G.17 -0.77 0.172
'50 -0.808 0.7%4 -0.80 B.137
70 0,837 0.11 -0g2 0.110
100 -0.852 0. 58 0.038

w-0.B4



G5

B = 2.5 n = 100 ®» = BR,TZ g = 47,494 y = 2,33554
From Glassar'!s Grash Present Model Sclutian
w—FEDst ratiof Uptimal ana| Standard cost]y Optimal age| Standard cast
K Z ratin p Z ratia p
1.1 1.742 - g -
1.5 0,221 J,88 0,21 0.3945
2.0 -, 134 d.54 -0.12 0,921
11 -J.853 J.4d =0.65 O.421
15 -0,684H U.33 -0,70 U,3%4
20 -, 726 .28 =0.74 0,283
25 =a. 747 0.25 -0.%6 (. 244
35 -, FHZ 0,20 -0.719 0.204
all -0.817 .16 ~0.82 U.185
70 -0.826 0.13 -0, 84 0.135
100 -1, 8540 .11 ° =-0,.53 G.109
B = 2.0 o= HH.E1 g = 3B.7Z o= 101 v o= 22,4738
From Glasser’s Gragh Present Model Solution
Lost rtatio| fOptimal age{ Standard cost| Gptimal age| Standard cost
I 7z ratio p 4 ratic o
1.1 1.534 - B -
1.5 0,181 0,98 O.17 ) 0,982
2.0 -0,147 0,930 -0.14 0.912
10 0,647 O0.40 -l.64 0. 405
15 . -0.684 .32 -0.70 0.318
20 R S D.27 ~0.73  0.2883
25 ~D.742 0,23 , -0.78 0.235
35 ~0,773 0.12 ’ -0.78 0,132
50 0,796 ;15 . .-D,81. .. 0,154
FiLt ) -0,834 o 0.13 -0,84 0.126

100 -0,8958 U.10 ' -0.,86 B T 1)




G&

Bz 2,5 n = 1ad H = 9,16 Y= 33,43 w=Z,. 86670
From Glasser's Graph Fresent Model Solution
~irr
~Lost ratio| Optimal age| sStandard cost] Goptimal age| Standare cost
M z ratio © z rakioc P
1.7 u.827 - =1l -
1.5 0,082 0.97 G.07 n,972
2.0 -0.171 U.dd -U.13 0.d487
10 -0.b23 .36 -0),32 t1, 364
75 -0.6%9 G.24 -0.618 0,282
Z2U -0.702 G.23 : -0, 71 0.234
23 -0.7iD 0,20 ’ ~0,73 D.202
35 0,734 N.16 -0.76 C.1E3
5l -0.790 0.13 -G.74 H,7130
?D -D.d‘]? Di'lD _“ '-ﬂiﬂ'l ﬂ.‘ll:l"':l-
TG0 -0,843 0.08 -0.84 d.,082
B= 3.0 iz 100 M= 84,29 0= 32,43 v 2.74073
rrom Glasser's Craph Fresent Modz]l Solution

Cost ratio| uptimal age| Stapdard cost| Gptimal age| Standaro cost

£ 7 ratio P Z ratic P
1.1 0.4a6v - B -
1.3 0.055 0.306 (.04 0,388
2.0 -00,178 0,88 -0.19 0,878
10 -U.613 0. 35 -0,62 0,352
15 -1,682 0,27 ~0.b7 0.271
20 -DJ397 0.22 -1, 70 0,225
25 -0, 709 0.19 . -0.72 0,195
35 ~0.75% 0,15 -0.75 0.156
50 -0.782 0.12 -0,78 0.123
70 -0,815 0,03 1 -0.81 0.029

1TUd -0,837 a,avu -0.83 0,781




n = 144

it = 89,47

57

2,834450

W=

rrom Glasser's Graph

Pre5entcﬂude; Solution

Cost ratia

Uptimal age

Standard cost

Uptimal age

atandard cost

14 z ratio p z ratiog p
1.1 0.841 - BN _
1.5 0.020 0.9 0,02 a, 956
2.0 ~0.1%4 0.97 0,20 0.871
10 -0.508 .34 -0, b1 0. %42
15 -0.654 0.26 -1.5B 0. 262
20 0,679 0,22 -4, 70 0,217
25 -0. 714 0.18 1,72 0.187
35 0,743 0.15 0,75 0,149
50 =, 775 0,12 =0.78 b.11%
70 _0.501 0.0y -0.80 9,093
100 ~0,5285 0,072 -0.82 0,073
3 = 3.2 R o= 100 U = 89.35 o o= 303,75 v = 2.91208

From classer's Graph

Aresent Model Solution

Eost ratino

Uptimal age

Standard cosc

Optimal age

Standard cost

K Z ratio p Z ratioc g
1.1 0.417 - B =
1,5 -0.003 .96 0,00 0.952
2.0 -0,16G5 0.85 0.2 U.854
10 -0,602 0.33 -0, B1 0.332
15 -0.642 G.25 -1, 55 0.254
20 0,580 0. 21 0,89 D.208
25 -0,716 n.14 -, 71 " 0.180
35 -0, 744 D.14 -0, 74 0.143
50 -0,768 0.108 -0.77 0,112
70 -0, 7494 0.08 -0.79 0.89

100 -0.814 0,070 -0.81 0.070




B= 3.3 M= 100 b= 839,69 7 = 23,98 v o= 2,29340
From Llasser!s Sraph = - Pré¥ent Model Solutian
Cost ratigp Uptimal age| Standare cest] Optimal ace | Standard cost
A Z ratio z ratio g
1.1 0. 791 - EM -
1.5 ~4.00 0,85 -0.01 0,953
2.0 -a.214 0.684 ~-0.21 0,857
110 -U.585 n, 3z -0,a0 0.323
15 ~0,.627 a,25 -0.65 0.2468
20 -[0.666 0.20 -0.64 0,202
25 ~0,702 0.17 0,70 0.173
35 -0.732 .14 -0.73 0.137
50 -D.762 0..11 -1,76 0.107
7O -0,7839 0.0H -0.7E 0.085
11040 -0.814 0.55 -0, 81 0.066
5= 3.4 n= 100 g o=04,82 g = 28,22 v = 3,07430
From Glasswer’s Gragh Present Modsl Solutian
Lost ratio| Uabtimal age | Standard cost| Optimal age| Standard eost
K. i ratio g Z ratioc p
1.1 0,765 - BE -
1.5 -0.0248 0.95 -0.03 0,955
2.0 -0.218 .85 .22 0,850
10 -0.578 0,32 -0,54 U.315
15 -0.627 0,24 -0.64 0.23%
20 ) -0.664 0.20 ~0.87 D. 146
25 -0,686 ¢ o.17 -0.70 .16%
35 =072 a,13 * -0.73 H.132
50 -0.745 .10 -0,75 g.t103
70 -0,779 0.das - -D.78 Q,ae1
100 -,802 0. 08 -0.80 0,063




100

[
1
Lel
in

r"|=

u = BY.98

0= 28,5t

59

3.159345

[T =

From Glasser's Craph

Present

r

Model Socloetion

~——

Cost ratial Optimal age

Standard cost

Uptimal age

Standard cast

K Fi ratio p z ratio 9
1.1 0. 709 - am -
1.3 -0, 04aa 0.934 -0.04 0,952
20U -0.2t12~ .84 -0.22 0,844
14y -0.582 0.30 -0.54 0,307
15 —D;EEE 0.23 -0.64 0D.232
20 -0.670 0.18 -0,687 0,150
25 -0,694 0.16 -0.64% G.162
35 —0.721 0.13 -0.72 0,128
50 -0.728 0,049 -0.75 d.04938
70 -0.77 U.0H -a.77 f.078
1011 -0, 785 0,06 ~0,79 0,050
F= 3.6 nlz 1 o0 W= 80,10 b= 27,84 v o= 3,23514
From Glasscr's Graph Present Modol Sclution

dptimal ape

Standarc cost

lptimal age

Standard cost

4 P ratio P Z . ratio 2
1.1 0.661 - =1al -
1.3 -0,0E5 0,94 -0, 85 r, 248
2.0 -0.21°7 O.84 -0, 22 1,838
0 -0.579 0. 30 -0.58 0. 300
14 -0.6827 .24 -0.B3 0.226
20 -0.B617 0.18 -J,BB6 0,184
25 -, 680 U.16 -0,.68 D.15%
35 =0, 688 .12 -0.71 O.123
50 -0.739 0.049 -0.74 U,036
70 ~f, 764 0.07 . -0.76 0.075

100 -f0,.783 -.05 -0.74 0,058




[
1l

]
.

n o= 100

o= 50,23

Fram Glasser's Brapﬁ

Present Model Solution

—

Cost ratio

Optimal aqe

Standare cost

Optimal age

Stangdard cost

i z ratioc 2 z ratio p
1.1 3.531 .94 O.54 0.223
1.5 -0.075 .94 -0.B0 0.545
2.0 -0. 220 0,82t -0,23 D,e32
10 -0, 568 U. 28 -0,586 0.293
15 -0,622 0.22 -0.63 0.z20
20 -0,650 0.17 -0,65 0,179
25 -0.674 0.15 -0.68 0,152
35 -0.697 0.12 -0, 71 0.120
50 -0.735 0. 09 -0.73 .04z
70 -0.750 L. 37 -0.76 0.073

100 ~0,772 0.05 -0.78 ., 0.056
f= 3.8 n= 100 p =90.36 T = 26,50~ v o= 3,39700

I

From Glasser™s lraph

Fresent Model Saldtion

Cost ratio

Optimal age

otandard cost

Opzimal age

Stazndart cost

K z ratia p Z ratio p
1.1 (.542 0.99 U.52 0. 5394
1.5 -0,073 0.94 -0.07 0,942
2.0 -0,226 0.43 -0,23 0.326
0 -00.561 0.29 -0.57 0.2687
15 -0.523 . 20: -0.52 0.%15
20 -0,652 .17 ~0.65¢ 0,174
25 -0.658 0.75 -1.67 0,148
35 -0,694 g.12 -0,70 0.118
50 -0,732 o, fa ~0,73 6,089
70 -0, 735 0.07 -0.75 G.070
100 -0,765" 0.52 -0,77 d.053




3.9

n o= 1404

wo= 90,49

o = 25,02

71

¥ o= 34T ¢ew

From Glasser's Graph

Present

Model Solution

Cost ratio

Hptimal age

Standard cost

dptimal age

Standara cast

L L ratio p z ratio p
Tai 0,509 .99 g. 46 J.39589
.5 -0,074 a,524 -0.G7 t.8935
2.0 -0,224 0.82 -0.23 0,820
10 =0, 3551 U, 28 -0.57 0.287
15 -.5153 0.21 -,451 o.210
20 -0, 54t J.17 -0.84 0.17%0
25 -0,B5& d.14 -U.E66 0,144
a5 -U.6130 0,11 ~0.B4 D.112
a0 -0.719 U.085 -0.72 b.086
il -0,742 0,08 -0.74 0.067

101 -0, 7H1 4,050 -0.77 0.0%2
o= 4,0 no o= 100 u= 40,42 o o= 24,47 v = 3.55740

Frow Glasser's Graph

Aresent Mode}l Solutian

Cost ratia

Uptimal age

Standard cost

Optimal age

standard cnst_

K i ratio g z ratic p
1.1 0.452 0,55 0,45 D, 93y
1.5 -0, 0493 U,493 -i,.08 t,935
2.0 ~0.221 0.H0 -0.23 0.815
10 -0,554 0.27 ~0.58 0.276
15 ~0.617 0. 20 -0, 61 0,204
20 _B.638 0,17 ~0.G4 0.166
25 0,654 0.14 -0.66 a,141
35 -0.687 0.11 -0.69 G.109
50 -0, 705 .08 , _0.71 0.084
70 -0, 734 0.06 . -0.74 0,065

100 -0.753 0.05 -0.75 0.050




144

30, 75

O = 24,95

T2

v =3,83735

From Glasser!

s Graph

Fresent Model Solution

Lost ratiano

fptimal age

Standard cost

Optimal age

Standserd rcost

i Z rativ o ratio g
1.1 0,404 .93 0,42 0,934
1.5 -00,092 0.83 -4.09 0.8932
2.0 -0.227 0,81 -0.24 0,409
10 -0,554 0.27 -0.55 0.271
15 -J,5BE a,z20 -0.bd o, 201
20 -0.6.31 0.16 -0.63 D.162
25 -0.646 .14 -0.65 a,137
35 -0.588 0.11 -0,068 f.10B6
50 -a, 71t 0.08 -0.71 0,081
Vo -0,7927 0,06 -3.73 0.063

100 =0, 7410 0.035 -0.7%5 u,.048
= 4.2 n = 100 b= 20,48 a = 24,45 v =3,71711
From Glasser'!s draph dresent Model Soclutiaon
Cost ratiol Optimal age| Standard cost| Optimal age| Standard cost

X . Z rakio p il ratie p
1.1 ¥y 337 .99 0. 31 0.a249
1.3 -0.088 {.33 -0,03 0,929
2,0 -0.225 a,:s0 -0.24 0.804
10 -0,543 0.2% -U.55 o, 268
15 -0.5395 o,20 -g,60 0,197
20 -0.B2E 1,16 -g.62 0.158
25 ~U.548 .13 -0.64 0.134
E -0.865 0,10 -u.87% .104
50 ~0. 702 0.80 . -0,70 D.079
70 -0.7250 .60 -0.72 0.061

100 -0, 746 0.04 -=D0.75 0,047




no= 100

U =

41,00

9 = 23.87 v

73

= 1.749677

From Glassar's Eraﬁh

Present Model

Snolotion

fost ratio

Uptimal age

Standard cost

Optimal age

Standard cost

s s ratioc p z ratio @&
1.1 0.3a7 0.499 0.37 (t,y=g
.5 ~0.096 .93 -0.07 0,926
2.0 -0.,233 Ty -0.24 .793
10 -0.540 0,25 -0.55 0.262
15 -0.593% 0.2f -U.590 0,193
20 -0.517 0.1% -0.62 0.755
25 -r. 538 0,13 ~0.64 0.1
35 -0.657 0.70 -0.67 0.101
50 -0.6Y4 0.7 -0.69 0,077
70 -0.713 G.08 -0.72 G.0%9
100 -0, 737 0. 05 -0.74 b, 045
b= 4.4 T = tud He g1 .12 O= 23.51 w=3.37633

rrom GSlasses's Lroapn

Aresent Model

Soluktian

Cost ratlap Optimal age| Standard cost| Uptimal age | Stancard cost
K z ratioc p Fi ratic W
1.1 0.3h3 0,248 B.135 0,399
1.5 -0.077 b.52 0,104 d.923
2.0 -0,232 0.d0 -0.24 0.749%
10 ~0.542 0.25 -0.54 a.237%
15 -0.s488 .14 -0.58 0,189
20 -0.608 f1.15 -0.54 0.152
23 -0.B34 D.13 -0.83 O.128
35 -0,E664 .30 -0.485 0.05%9
50 -0, 6490 a.4av -0.69 g.075
70 =0.704 0,05 -g.71 0.058
100 ~0,735 U.04 -0.73 0.044




B- a5 M= 300

U= EH.EQ

C= 23.0B

o=

From Glassar's Graph

Present Model Soluobkion

Optimal age

Standard cost

_bptimal age

Standard cost

K, Z ratio A ratio P
1.1 0.3z26 0,99 0.33 0,293
1.5 -5.097 b.92 0.1t 0.921
2.0 -0,230 0.79 -0.24 0. 790
10 -0, 546 .25 -1,54 0,253
15 -0,583 0.13 -0.54 0.148
20 -0,604 G.15 -,81 0.1449
25 ~0.6z7? .32 -D.63 0.125
35 -0.6558 n.0% -U.,B5 0.057
50 -0, 580 G.07 -f,68 0,073
70 -0,7G3 0.55 -0, 70 0.d56

100 -0.728 B.0& -0,73 0.04%
B= 4,5 n= 100 P= 91.35 J= 22.04 v = 4,03498
Fram Glasser's Craph Fresemt Mocdel Solution

Cost ratio|l Optimal age{ Stancdard cost} Ootimal ags | Standard cost

K Z ratlio D z ratioc P
1.1 0.330 0,55 2, 31 0.4984
1.5 -0.084 0.22 ~l.11 0.918
2.0 -0.233 0,785 -0.24 0.7e68
10 -i1,538 . 25 -0.53 0.248
15 -0.580 .18 -0.57 0.182
20 -0.500 J.13 -0.,60 t.146
25 -0,625 .1z -0.62 0,123
35 -J,B631 0.08 -0.65 0.054
50 -0.675 0.70 ~0,68 D.071

70 -0.637 0.45 " 0.7 0.055

100 g.04 -0,72 0,041

-0.720



n = 700

W= 91,47

J = 22,23

From Glasser's Graph-. _

fAresent

vlodel Salution

Lost ratio{ Uptimal age | Standard cost| Optimal age| Standard cost
i L ratio o z ratio o-
1.1 d.292 (.23 .24 0.9499
1.5 -0,.1203 .32 0.1t 0.915
2.0 -0.236 0.7HZ -0.24 O.7a1
i0 -D.538 .24 -0,53 . 245
15 -0.574 0.1¢ -0.5% D.178
20 -0.GUS 0,14 -0.60 0,143
25 -U.525 0.12 -0.0G1 .12d
35 -0.697 G;09 -0.6a 0,892
54 -U.674 0.07 -0.67 L, €70
70 -0.705 0,54 -0,68 0.054
100 -0.,723- 0,04 -0.,72 0,040

= 4 n= oo u= =1.548 d = 21.84 v = 4,1H332

Fram Classer's Grsph

Present Model Soclubion

fost ratio

Optimal ane

Stamdard cost

Uptimal _age

Sktandard cost

K Z ratio p Fi raktio p
1.1 0.243 0.53 0,27 0,993
1.5 0,097 0,9 0,12 0,912
2,0 0,237 .78 ~0.24 0.777
10 -0.53%6 0.24 ~0,52 0;241
15 ~0.573 0,18 0,56 0.176
28 -0.606 a,14 -0.,549 O.141
25 _0.625 a,12 -0.61 0.118
35 _0.552 0.64 ~0.64 U.091
50 _0.G673 0,065 ~0.66 0.068
70 ~0.695 u.0s ~0,69 0.052
100 -0,726 0.03 ~0.71 0,034




Fis:

B= 4.9 n = 100 u = 91,68 dJ = 21,46 v o= 27226
From Glasser's Graph Present Mocel Zoluticn
Cost ratio| Optimal aye | Standard cost| Optimal age | Ztandard cost
K Fi ratic p £ ratioc p
1.1 0.217 0,549 0,28 0,905
1.5 -0,080 0,20 0.12 0.810
2.0 -0.254 U.7a -0.24 0,773
10 -0.533 0.24 0,02 .238
15 -0.537%2 L0177 -0.%6 J.174
20 -0.8600 SU.14 -0, 5H 0.138
25 -0.623 0.12 -0.30 0.116
35 -0.680 0.04 -0.63 0,489
S0 ~D.B77 0,08 -0.686 H.057
70 =0, 701 - 0,.u8 -0.68 0,031
100 -0, 726 " 0.06 -0.70 4.038
B o= 5.0 n = 100 po= 01.80 ¢ = 21.10 v =4,35110
Frum Glasser's Graoh Presant Modzl Sclution

Cost ratio

Optimal age

Standaro costk

Optimal ags

SLandayrd cost

K. i ratia p z Tario p
1.1 0,230 0.49 0,24 0.449
1.5 -0, 0697 0,80 -0.12 0,.307
2.0 ~0.253 Ue 77 0,24 0,763
10 -0.535 .23 -0.51 d.235
15 -0.571 .17 -0.53 .17
20 -0,605% 0,133 -0,48 t.136
25 -0.628 D.11 0. G0 D.114
350 -d.8501 0.08 -0.63 0,as8%y
50 -0,0575 0,086 -0.63 0,066
FO -0,686 U.05 -0.68 0.05u

100 -0.695 a, 04 =0.70 0.034
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LHAPTER-G

CONCLUSTON AND SLOPE OF FUTUSRE WORA

—

d,1l Conclusion:

Cost optimal age replacement model was studled and
a yraphical presentation of optimal policies has aeen made.
Determination of optimal replacement ays for an itam is
dapendent only on cost ratio {i.e. telative cost of a
failure replacement) andg ShapeLparameter of ths failurs=s
ﬁistributimn. This new technigue does nmot reguire =valuation
of meanbtime beftween failures aad standard dewviation from

shane and scale parameters by =scolving gamma functions, which

is a particular aduanktage of the new method,

Yhe use of Weibwll distrihution as a failure distri-
bution does nob impose amy liwmitation on the wide applica-
bilifty of these new sets of grapns. dn The ather hand, the

simplicity af Lthe distribuftion is an added advantange.

The new graphical gresentation of optimal age replace-

ment policies eliminates the need of cuwnbersome calculations.

E.2 Scope of Future Works:

In the present study, only age replacement model has
been studied. 3imilar graphical presentation for optimal

block replacement policy can alse‘be undertaken.

The abjective function of the model in the present

studf was coansidered as minimization of cost, The models

"

r



il

with other ocbjective Functi;ns like minimizatiaon of downtime
or maximizalbion of avallability should also ae studied because
for many critical compounents these cajectives may be of more
relevance, In thez later case, time to erfect a failure
replacement and timez to effect a prevenfive replacement will

have <o considered.

1n many industrial situations, there may be a large
number of same component or egquipwment in ooeration. Presznta-
tion of optimal replacement policy in the form of numographs 18

a fertile area for further research works,

In induscrial situvations, 1t is not always possible
to stick wo an optimal mainftenance time table, EfTects of
feviatian from optimal policy on cost and availability should
alza oe studied so that management becomes auare of this

particular problem,



o2 Aratss [gulaisg
BITi

REPENDI X -0

RELIAOILITY CURYES




79

_”._._..__..___.”_ H ———— o reramaa

0%

0%

0t

¢

Ol

ol Otl a7l A1 S LA iy i as 9
¥ |-|rlr|_.,|.|.l.i.l.. 1 b L | T T
I.!lll.ll’ll-l’l’l-
.r..r-.-..;...
SaAang Anniey

V - AXIGNIddy

T

{11y Argougey



80

(AW | e

ort 0LL ®L o Qe M 06 Of 0. 09 0% 07 0Ot FA C.

T e——— t T T T Y T T T t

S#AURT Aji11QUa Y

Y -XION3dd¥

(1ny —-a-———



81

Q7

1
[}

0td

It oL DOk 06

(ALY Y | =

$aAUNY Ayipanijay

¥-XI10N

Sdd ¥

-



BZ

%l

otl

(awr] ) e ——

55 o8 04 09 0§

T

07

0K

02

T

SAAAND AYilQODiley

¥ - XIGN3dd ¥

(3] -



B3

0ot

06

0R

(BWil} L--

Q4 09

0%

07

Ot

0t

ol

SaA4N2

}::ﬂu:mm

Y

X1ON3Idd V¥

T

b

(3] H -



-y

84

g0l

{awil)]

06 09 0L 09

._—.lﬂ.l

Q7

13

07

01

Saadn2

Alltiqopay

V-XIOQN3ddYV

bl

5-0

=Ry

B0
50

i



H5

[dWiy) L=

ol Qb o8 0L

09

0§

0

0f

tF4

Ot

T T T Y

S8AJANI AYijiQUIIAY

¥ -X1ON3dd V¥

b




85

00 06 09

0L

(Purjf) | -

— Bl

09 0§

07

T

0t

02

kY,

:‘J

0%

S3AINI 1111Q0) |0y

¥ -XION3ddV

L]

.lfl..

Fas.



FILRIAT AP = Frylamteg
L

REPENDI X-B

PROBASTILITY DENSITY LURYES



I (s} ~--————

i JUNR o 3L NN o P WO o L SN « 11 W o T 04 0% 0s

Y ™ | p—

oge lktgyeg”

k1

L ]
[ ]
L ]

QoL

Bo%t:

L

oo9L

' B L

gogl

S3AlNg L.:._wfutr._:nuﬂ_oi

0002

B - XION3dd¥Y



o
o

o

- OEL

021

£

L4

— T {4l 35

- —
=, b -

: +
£ "
. ...- Al
. -

.o
T
k] A
c .
B H
Eo g | .
A
L ,.,\.m
LA
H _.._..._. AL
B0 e
A P
- - L .,
et - -
. Lo~
.-
o o
' P
¥ -1
.
; b
. .
-
. L
| a -
b - -
- .
o
\
w



~ B

APPENDIX

Probability density curves

130

120

T (Time)



90

(guir]) | - . RSP
. - R , L ..u,

06 08 0L

T T ¥ ! LA v '
..n.mv a ...... o - :
X PR TR } HE ) o
-L f-... .-. . B - T
uz..ﬁ _ el . T o
R SNRTIR AV - ] v
e L - R ! e T .
Fa - 3 . Ll -
Sl _ . : . '
iy T ’ ' "
NG - '
v et !
VL .
e 3.
L . 1
[T .
o 1 o
] [ . i
.ﬂ_..n..._ I
W H :
I ’
- 1
L _
.._...... t . i vt ' "
= ’ ! . ' .
. T L - | 1
1 a : _
_ T ssASNY ALISup A iqDQody
- I . )
. 17 ral . -
LA o ! 1 v
L ; . B -XION3IddY . : .
' ' ] 1, 5 f ,
. H H. o, F )
Lo ) T
L . ! .

+



g1

L]

AL E ¢ T R T oLe OOt 6 08 T 09 0% 0% QOf [ 0l

- T T Y T

aleraeh

207 0°

Qag

0080

sivlsghy

(1) ]

pozu

QoY

i

o009’
SEAAND AJISUFE ANII2DAC IS _ )
| o 0CaL

2 = YICN3ad¥



S9AINY AlSuep  A3r1qDGaJg

a8

= X1QN3dd Y

3

0090
10080

00¢g.

Qo

000t
azZ L
001"
Q8L

0081

000¢-



393

0

Qe

{swing} | -—-——————

02t O\ OOt D06 08 0L

09

05

07

0g

0z 01

1

1 L T T o1 T

s2adnd Alsusp Ajgpqgodd

g-XIGHIAJdY

T

b

I

bl

0oZI0:
on2g”
00s0"
0080"
Qo0
gozL
oYL’
oosv

QoG

Qo0

(1) } —-———



_ (fW1]) | ————e _

: 07 06t 0%, oL 00 06 08 0L 08 05  0r 0L 02 Ol S

- = 1 1 - T ¥ I " 1
[y

X
o
e
L )
<

=
T
"

|
- -
o
[T
it

1

[ ]
L
s 3
L]
T
ey
B el
LT
o

r 4
o
=
I
<
T

1
)
<
@
=

1 'hs " . . ) ! “ a
-”....._w._.._.... .v_._... .“ ", , - . ! - Gﬂ.c r-_ .‘ -
1 it " . . -
o i : ' . . .o
i 5 I _ : s 2
" w . H ' . ' L
T _ hene s g1 002
e e - o . _ QL=lrng s & I ]
' uﬂ. -.L 1 , . 1 -1 _ ||.|.

Lt i . T . 1 ] .
..o Wt : . A0
wraom et . ' * . . . ' . el

i ' am_._.»_....... N . N to- ._"q ..... e

. > b -

. Vo . ' Cu
o AR 1 | {oose
JEI NIRRT CoL SaAJND ALISUEp Ajljiqogoud ' R
RIS vl Ce o
1 .__. k " " ' = ! . .
S U oos
4 . * LI ' Y - a . . - v
—_— " ._.rm . 1 ) Lo R .

- o .’ . ] - -

. . —.r.n_._z“. _n ._ , -l ' .H ...!

ERT .... , L :
o 8 -X!ON3ddV e

.- B . ..._w.L.r.. . ! L N . “
LT . :
i fe e S
e . pett . _

W o - i -
S ' . R . . 5
R ., i . ' v .
ek -a
' - 1 ’ ' .
. , .
. o "




TR arwime (A EE
BT

APPEND]I X-C

FLOW CHART OF THE LCOMPUTER PROCRAIMME FOH

DETEEMIMATION F PREUENTIVE REPLALEMENT AGE




g5

FLON¥ CHART APPENDIY ~

START

Calculale
YYii}

3
Calculate

- FM, SOI FMF, SD |
| AS5D B,ETA FMT, SO,
J ASSD
| . \.

J

Calculate
EX(MN) and RL{M)

Calculate
CRL (1}
N = +1
N "—<LJ z 2,N > .
) ’ 1
Cclculate
- CRL{LN)

(n:‘l.‘l

r-1r=1 -

Colculgte
&
. - ‘_-_———_—_—_-_:-: -.-CUST [II_]-— :-.-_' - +"_ L - - -‘.
r m—r W ity slel—_ 1 r— +I‘—' [ ————— - p—_—
COPA =COST (IT)

3
(1r=2
i

Calculate
COST (1T1)

1
COPA = COST{IT}

(TP=1T -1

1r
Calculgte
Sla, COPA, SVYGA

10 - COPA

R,STA, COPA .

=

"B- 199 S .




\f... = AL IN

J

Calculale
CRL{LJ)

Calculate
--_ --]cosT un.. |

N

COPA =COST {IT)

{1122

i
Caleulate
COST (1T}

1

COPA = COST(IT)

Calculate
STA, COPA, SV0A

1275

) |




LK
¥

M

CAlE i e BEE- L ik
k|

ABPENDIX-D

COMPUTER PROGRAMME FOR DETERMINATION [F

OAEYENTLYE RESLACIMENT AGE

'k d



834

APPENDI X-0 -
gid [V ASLUM-FL=079 3-8 Mal e - . O 1371 252 L
c PRONLEA NU |
Z PROGR AW FOR THTZ 30v Ul oM OF Teo Mo2EL
C FIMDING PREVENTIVE FEZLAZEMENT ALk
C -
e .
DIMEMS TON EXflSim] L 15777 CRL {15771, ZasT (T3 My
COMHAON BL+CFL+MH,8:ETH
ETA=100.0
OD=1.1
a2 FA=YY {1 U4 a2}
SOlayy[ 1.0+ 24078 1)
FrMT=ETAa=xFA .
CO=SERI LIS TAR®2YF501 ) —{FMTa=2Y 1
ASSDEFMT A4l
wRITE (3,25} S ETALFMTe 52 A55D
Q- FOr4AT :ﬁXI'H="F311t5xl‘ETA='IF5'Iqul-FHT='!FBi:tEXr.EjzilFﬂt:|
-5\{|.'5|- _:|U=' FQ.E:" b
Cabl il |
wi' ITE {3,133
1 FarMat [o%. 17H RELATIVE CTO3T UF «s8X .28 UPTIMAL, TE el M S573. CLR5Y ..
Sn e 2TH FATLURE REC_ACEMENT. BXa 4H ﬂGt:Qx EH RATI L. A
F=1.1
Sura 11=1
COSTLITISIRL {ITHHIRF(L-0-RLIITYM LI ACRLOITY |
CO9A=CISTLITH B
[T=2
101 COSTL T ¢={aL{IT 403 &[ ], T=R_ [IriilIKﬂRLIITI
I [COSTIIT ¥ —-CCPad Zfe31s 21
= CaPAa=CoSTL LT
IF W T T =rk} 192,131,151
1en0 T=LT +1
Lo TO 101
=1 fTPRP=1T—1
ETA={ FLOAT ITITEE-ETAYSETA
CLraAs {COPA*FST } /R
SVGEA=1.0=-COFPA
I SV GAL 24,320,355
=4 COMTIMUE
wkITZ [3+1 511 FReSTa, e
131 FuaHMmMaT [ 12 uF Pu e 2N s T Rt 12 Xar L e}
L TG LTI |
R COMNT IMUE
181 win LTE [ 31520 b
152 FLEMAT (1% waT13:,FT7+3: L 2% *REPLACC LN FATLUJRE GHLY *1Y
LT | [f [(F~1a%% % 112115113
112 F=12+#7 41
C
C
C
. Gl TA SJd+4
113 [FIR=5 a3} L13:,115,115
1i4 CRER+L L0
GO Td 504
115 [F {R=29.%9] L1fs} Y F217
i1e A=H+5 .5
G T ALY )
117 1F {R=393.3 M 118, 119,11%
11EB H=FR+1G.(C

[F1 0] TO Sa
119 . CANT INJE
IF [H—4.3G) 11111111 !
1i0 a=B8+0 1 r )
Gl TLl 503 .
111 COHT INUE
5TOP !
END

=,



97

APPENDI X -0

TRAH [V 2GIN-FO—a79 35 Ma NG DAT= 1R/l 2724 TIHME
-
C
c .
SUBRDUT LHE L% 1
L SUSRAJT INS FOR #EIL3ULL AMALYSLS

OIMEHS 10N EX[ 1500 .5L 15000, CRLELSODY
COMMOMN HLa CRLaMN«B: ETA

C FINDING WEIBULL PRODARILITIES
M=1
T ERInNI=iFLOATINIAETA)RYH
HLEMI=EXPLI—EXIHFI
IF {RLELIMI-D «GE5E Tle TLLT1
2 M=+l
GO0 TO T2
71 COMTEMNUE
. CHLElizil.DiRLllhlf?
(18| A2 LJ=32,
&3 CRLILJ V= T3 [LJ-II + ([RPEILI=11F + RLIL Y172 000
NETURM
WD
NAN v 3&3M=-FUO-—a 7% 3-8 a0 2aTE= 1851 2784 TINE
Lo
C
FUMCT IGN ¥ri{iTh
Yy={T**xTh+*EXP{-~TH*50RT{{Z-0%3, 184161 T {l-0¢{1.07012 «ETIIEI L }
PRGOS T2 11— 1320 /1{ 516450 B#IT**BIII—(S?I.Q/[24E IO TFEa 1}

RETURN
C N0



ETH

Yy

Fri

51
FraT
oD

K550

3URT

subroutine -
7K1

R=(k =rC_/C )
 p

Iv

t

RL

CHL

COST{I)

COPA

=
|

Program parameter specifications

Shape patameter of -the Fitted Weibull distribution{g )
Scale parametar of the Ffailure distribution ( )

A fumctiaon sub-program tao svaluate the gamma function,

bl

Gamma Fumction of { 1 + 1/

Camma function of {1 + 2Z/g }
The mean of the failure time distriuution (Weibull},

Fa
Standard daviation (g }

Average service life (v = y/o ) in standard
deviation unit.

Square .root- { /)

ff subprogram which splves the age-based models

and gives the results in tabular form.

- Felative caost of failure replacement

benoting time periods or class intervals vfor age

replacement policy.
Reliability function af a camponent = zaxp {—{tfnjﬁ}

Inteqral value of reliability function (or an array .-
storing truncated mean-liver for various class

intervals),

firrays storing the cost figures for varieus preventive:
replacement intervals relative to age replacement

policy. '

Variabies which nelp to finu a minimum replacement
cost and anp optimal interval for aye replacement

policy.

Humber of class intervals (or Mo, of periods or years).



ITe

STA

ExP

jiu]
[#a]

Represent the ogtimal interval Etp} aor age for a

certain valua of R in age repnlacement model,

Ueviatiaon from one policy to other policy in

age replacemant model.,

Hercentage savings from The chosen maintenance
action {or percentage savings for optimal age
or interval at & given value of R in age replacement

policy).

Lxpanential distribution function.

fn array containing £Ehe values of the arcuments.
of the exponential Tunction in the calculation of
BF. ;

An array representing the Weibull cumulative

Jistribution function (c.d.f)

Loop Index variable,

A dummy wariable used in the funetion subprogram
Y.



AT TR A g fawnm
BT}

BPPENDIX-E

wdTFE
TABLE FOR DETERMINETION OF MEAN {(u}

AND o1GMA (o ) FOR B vALUES

|‘;'II



100

ARPBENULX-E

RN R I N FTR I I o

AT R TS I I C N LA TR R

LTV N T W R i o)

1o

#£7 BXEL

I Fw AF S " AT
TeZ VoY BG5S FRALGLRLES 4, 572132 -
T -E 1.574%45 L.l anT e FAE1ZT T.3Ld
Cad LezraB10 .025115 J« 55117 S Cees ™
.73 1, 1229849 2L.32Z2347 14281732 L7502
C+5 S Sl A 2.aT7ELTE 1.t71122 Te.2%=C
l=c TLUGOGTE L -3E5309 1.5CC215 AP R
lai TaG5« 5 1.70:z2418 CLRTEZIDZ 1.0%E
fac TananlFg 1 .SNasSES CeTETFIES i-1%4
1=2 TapF24tal L -2EE2ES ~L.7iERTE l. 26%
l =& LeSll3E2Z 1#2&5813 Na£fSSHTS 1«21
| R 302699 11353627 Lo ) LR TR Laad 72
1== CaB9E:523 1.14278% TL.E72FY 1a.9EZ
1.7 CTLB%Z1ES 1073487 CL.EA041S izl
- CeB33% 223 I «3321E5 TLSLEILE 1.73%
a5 C.BB7Z495 1.023358% TL,a3Z3%5% l. 72¢
el r.EZ82155 N .ESTHE™ SLAEZ3ET 1312
ral Cu.BES0lC O .7ABGPTA TL.A93273 155k
Zad ThSassal NaF3a88E S.arzIET S.03ZZ
g2 T-BF T LS la T T rEnET Zattl
cat .z = T ed=052E8 e oS 2EdH Ta2ol
2at A T awSl 2R m.3FTRTEs Fe27TC
caE TaEE LTS i B L I T FLED Sewi’
T .k -172 Daeale-=t R e 1
et CabBW2ZI27 JL.5115852 T, Zasz]d Zal P
5 TLLTLETT ML T I3L3a YN
.40 L-qGEEEJ GaFieLEE Q.E?ﬁEEﬁ P -
2.1 0294175 395550 Te I154G9L7 .22
Zal Ga.3%5519 G.72E523 TeZT7VSZ21 ZueGlZ
Za3 TeOF0BTT o L.a041 5 1. 22541 E z«ST X
Zeq C.HESAEZ39 J.d% 1 EZ Ta 31T .74
Za.5 {.A52a03 Nn.BS0ESs C.co®055 2.tT T
Z et Cau20aZd D.ABG22T T.c7E4TE ZeE2%
Z.7 T.GI2257 J«38ELIST CelZ72742 R I )
Zek CuT 23025 ¢ .B3?25% CazZclOC2 Z.237
-_:l-‘:? E-G:anj D.E.':‘.EE-"}'J G.Et""E*‘IS -E.--l-""'l":"I
& o1 LR TR J.288155 Teecd7aAt Tab T
.l TLLGOTATS S .B3291G =R = R ZT.pl7
5a C.oRTal =836 1E CedtoatSy ZeTL1V

2 LeGEaC] N.B2C528 TeE2GeTE 24751
4wk C.9112C07 D .BESS4L b B Z.EFE
4k t.o1z23E5 O.905&44 N. z20edg S
G ouf C.o%l3542 D .EBEBZT Nec25a8°2 H,.22H
4.7 CaT 18625 0 «.B8362370 . i 4,114
4aE T.PI5ET] G.ESE3IER M. EiEB3SS 4. 10X
4aC Celab9d 0 L,HYEeTES JactaalS 4.272
CuvT TaEITHAE CaHMHTFIED T2t TSV2 4,251
Tel C.giadco g-ARTE1T L i Y i Hougt

g e Pyt o W AT e L]

B =B 3 FM = u/n =T{1+1/B); BFS = T(142/P)s 50 = o/n ; ASSD = ufa

I

.y

~J gt la=

F -

YRR TR MRV R

"

RTINS

AT L L

o



101

REFERENLES

B4

i1,

12,

Weiss, L.

Herd, G.R.

Flehinger, H.J.

laka'ca, L.

Harlow & Hunter

LJMorse

HBarlow, R.E. and
Froschan, F.

darlow,R.E and
Prosehan, F.

Barlow, R.E,
Proschan F.and
Hanter, L.C.

Smith, W.L.

Marshal Aa-.W. and

Praosehan, F.

Radner, H. |

'OGn the Theory of Replacewment aof
Machinery with a Random Failure-Time!,
Maval Research Logistics Quarterly,
19568, VYol, 3, WNo. 4, pp. 279-293.

"Fajilurs Rates! ARINC Monograph 2,
Aeronawtical Fadio Inc., 1855,

'A Ceneral Mode)l for the Reliaopility
Analysis of Systems Under Various
Preventive Maintenance Policies!,
Ann. Math. Statis., 1862, WYol, 33,
Na. 1, pp. 137-136.

'On a Sojourn fTime Problem in the
Theary of Stochastic- Prucass',
Trans. Amer, Ifath. Society, 1354,
Yol. 93, pp. 331-35340.

'Reliability Analysis of a one unit
System', Operation Res., 15961, VYol.d,
Wo,2, pp. 200<2058,

'Queues, EInventories, and Maintenance',
Jjohn Wiley a@nd Sons, 1458, LChapt.-11.

'Planned Aeplaccment?! Studies in
fipplied Prooability and Mamagement
Science, ed. by Hzrow, ¥arlin, and-
and Lgarf, Stanford Universifty Press,
1964, Chapt.-4,

'Comparison of Replacement Policiest
and renewal Theory Implications, Ann,
Math. Statis, 1854, WYol, B,No,.2,

pp. 200-20&k,

IMathematical Theory of Reliability)
John Wiley and Spns. Inc., 1965,

'Renewal Theory and its Ramifications!
J. Roy, Statis, Soc., Ser, O,, 1858,
val, 20, No.2, pp. 243-302.

'Properties of Probabiliity Distributions
with Monotofie Hazard Ratet!, Ann. Math,

Statis. 18983,- ¥ol, 34, Ne.2, pp. 37H-384,

Holland Publishing Company,. 1967, .



R N B B R

13.

1.

5.

17

18.

Jazdine, A.EK.S5.

Glasser, L.J.

Weibwll, W,

Kaa, J.H.K.

Lieolein J, and
felen, M.

Kabie, ALB.M,Z.

102

'Maintenance, Replacement and
Reliability', Pitman Publishing 17973,

"Planned Aeplacement: Some Theory
and its fpgplication', F. Quality:
Technology, Aprii 138b6%, VYol. 1 MNo.Z.

'H Statistical Distribution Function
of Wide Applicability'!, Journal of
Applied Mechanics, 1951, Yal. 14,
pp. 293-2497.

tComputer Methed for Estimating
Weibull Parameters in Reliability
S5tudies', IRE Transactions an
Reliability and Quality tontrol,
July, 18558, PGRUC-13, pp. 13-22,

"Statistical Investigation of the
fatigue Life of Deep Groowe Ball
Eearing', Journal-of Research,
Mational Suresu of Standsrds, 1J56
Wol. 57, pp. 273-316.

'Solutian Procedurses for Heplacement
FPrablems',s Unpublished M.5c, Thesis,
University of 3irminoham (U.K}, 1377,




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124

